FABRICATION OF COMPRESSOR TEST RIG 


By 

KAMESHWAR PRASAD 






1 ^ 

ps>s>if 





D£I»ABTMENT OF MECOOANIGAL Q^fGINEEItlNG 

IMOiAN institute of technology KANPUR 

JANUARY, 1973 



FABRICATION OF COMPRESSOR TEST RIG 


A Thesis Submitted 

In Partial Fulfilment of the Requirements 
for the Degree of 

MASTER OF TECHNOLOGY 


By 

KAMESHWAR PRASAD 


to the 

DEPARTMENT OF MECHANICAL ENGINEERING 

INDIAN INSTITUTE OF TECHNOLOGY KANPUR 

JANUARY, 1973 



My parents, vsho have suffered end sacrificed for my 
education. 

my wife, who has taken a good deal of pain for sparing 
tine for the present work. 

sons, who have suffered their education diring this 
period. 


Komoehwsr Prasad 




HftR 13 ”''4 






CEETIHCATE 


This is to certify th&t this work on ’’Eabricetion 
of Compressor Test Rig" has been carried cat under ngr super- 
vision and has not been submitted elsevdiere for a degree. 






Y. • 

Professor 

Department of Mechanical Engineering 
Indian Institute of Tecbnology, Kenpur 


POST GRAi>U \ I'ii OFFICE 


This thesis- has D ' ■•-i «pP 


ro .'cd 


for ilic ;»w 

M . ! S ! J 


,’av:i of i . ■ i '■■/rec of 


.’.h '.o - t , • 


S'cch.) 


lU 


1:1 \V .tiA I 

reg ;1 •■-io-'S of the i--. Uan 
I.viiituie of recii.ioiogy .atipur 




Ao-KEomEmmmT 


The author expresses his extreme sense of gratitude 
and indebtedness to Professor V. Kadambi for his valuable gui- 
dance and constant encouragement throughout this vrork. 

The author is very gra-teful to ''he Bihar Government 
for deputing him to I.I.T, Kanpur for higher studies. 

The author is grateful to Mr, M. Prasad end 
Mr. W.K. Giri for useful disoissicns and various aiggestions 
during different stages of this work and to Mr, Mithileahv?ar 
Prasad for useful discussions whenever required. 

The author also wishes to put cn record his gratefulness 
to 


Mr. S.K. Chaturvedi and K. Ravichandran for their help 
in taking the readings and discussions at different stages, 

ifr. P.N. Mishra for his very sincere help and initia- 
tive in the fabrication and setting up the experimentel set-up, 

Mr. Mushtaq Ali and Mr. D.K. Sarkar for their help 
when required at different stages of the work, 

and to his friends for their timely help without which 
•the work would have been inoi^mplete. 

Last but not -the least, the eu-thor would like to express 
his appreciation and grati'tude to Mr. J.D. Vhrma for his excellent 
typing. 



II ST OP SIGIIEES 

vi 

ISfCiiSiJTClJ-T'j'RE 


vii 

GHJ'-PTER 1 



1.1 

IIITHOnJCTIOU 

1 

1.2 

lEFELfiN SPi-BDiVRD 

3 

CH/iPTER 2 



2.1 

ilPPiSHilTUS 

12 

2.2 

I]SrSTRtJMMTi.TIOI 

16 

2.3 

TEr.S’SEli'-TUEE MELSJEEC*IE1NT 

17 

2.4 

ISESSUEE MEiiaTffliOTTS 

17 

2.5 

ENIEGY METER 

18 

2.6 

EXPERIiffilTTi-I- PROCEIUEE 

18 

GHi'JTER 3 



3.1 

n'.Til RBUJCTIOU 

2€ 

3.2 

XETERiaUi-TIOIJ OP HEr?.IGER.’.TI01J a'-PACITY 

27 

3.3 

lETERMIlfATION OP ENERGY I’3HTT TO MOTOR 

28 

3.4 

r;Y:E=:i’::~roi'T op co-sppeciF'^ op 

PERPQRI'.i/JfOE 

29 

3.5 

EEITERMIffi.TION OP SELi-TITE GOP 

29 

3.6 

EESTEREIIff/TIOK CP S>EGIPIO GAPi-GITY 

29 



T 


PAGE 


OHi;.PTER 4 

4.1 EESUI/TS AND PISCJSSIOII 30 

4 .2 ERROR iiNiJLYSI S 35 

4.3 CONCniSION 38 

APPENHZ 

A-1 OAHBRATIOIT 01 IITSTRUBi[3STS 44 

A-2 CAIIHRATION OP CAIORIMEEDER 46 

A-3 SAMPIE 0/*IOU]L.'*Tl6n 47 

A-4 MOTOR LOSSES DBTERIGIA-TION 49 

61 


EEPEEMCES 



II ST OF FIGURES 


FIGURE 


Page 

1*l(a) 

Method it ; Secondcry fluid calironeter iin 
the suction line. 

9 

1.1(b) 

Method B s 'Dry system refrigerant calorimeter 

in the suction line. 9 

1.1(c) 

Method 0 t Flooded system refrigerant in the 
suction line. 

10 

1.l(cl) 

p-h diogi€in 

10 

1.2 

Refrigerant flow meter 

11 

2.1 

Schematic diagram of plant lay-out 

20 

2.2 

Panel load of the plant 

21 

2.3 

Front photograph of the plant 

22 

2.4 

Back view of the plant 

23 

2.5 

Gauge glass detcdls 

24 

2.6 

Calorimeter 

25 

2,7 

Themo couple details 

25(a) 

4.1 

Curve Capacity versus Bvapora.tor Temperature 

39 

4.2 

Curve OOP versus evr^porotor tei^qjero.ture 

39 

4.3 • 

Snergy input versus e'vaporator tempera lure 

40 

4.4 

Results of CHAIKOVSICI 3 

41 

4.5 

Curve hect remve'd in the condenser versus 
evaporator tempera-hare 

42 

4.6 

Curve mass flow rate versus e-vaporrtor 
tempera-fcure 

40 

4.7 

Curve relative OOP versus e-vapcrcitor 
temp era -hare 

42 

4.8 

Experimental Set-up of 3 

43 



PI&URE 

A-1.2(a) 

Calibration curve of fl.l 

Pa^e 

51 

A-1,2(b) 

Calibration curve of ilj2 

52 

A-1. 

Thermocouple calibration curve 

53 

A-1.4(a) 

Pressure gauge 

54 

A-1.4(b) 

Calibraition curve 

55 

A-1.5 

Ihree phase energy meter calibration curve 

56 

A-1. 6 

Single phase energy meter calibration curve 

57 

A-1, 7 

Rotameter calibration curve 

58 

A-1. 8 

Electrical Circuit difigram for the determina- 


, 

tion of motor losses 

59 

lABI® A-3 


60 



'NOlfMC-IiiSURE 






= M£.ss flov; rete of the refrigerent (kg/min.) 

= Rate of energy input to the calcrineter (kccl/ndn. ) 

= The isentropic work of the conipressor in compress- 
ing the s£turutcd veipour £ t the outlet of the evapo- 
rator to the condenser presser (kcol/kg) 

= Heat input to the celoriaeter "hile calibrating 
(kcal/min.) 

= Heat leakage factor (kc£'.l/nin, -c) 

= Ambient temperature (''O) 

= Refrigerfnt temperature ('^c) 

= Enthalpy of saturated vapour at the evaporator pre- 
ssure (kcal/kg . ) 

= Enthalpy of the refrigerant et evaporator outlet 

(kca.lAs • ) 

= Enthalpy of liquid refrigerant before throttling 

(kcelAg) 


OOP 

(COP)g = 


(oop)j^ = 


Enthalpy of satuia ted licnid c t compressor discharge 
pressure. 

Actual co-efficient of pcrfcrmsnQe;, 

Oo-effioient of perferEance of the simple vapour 
oQopression refrigeration cycle (suction dry 
saturated) 

Relative, co -efficient of perfori'xance ( (COP) / (G(3P) ) 

s 



kW^ = Pov.-e-r input to the Ccloriaeter (k^’’) 

k?('2 = Pov;er , input to the motor (kh) 

SK’TO2 ~ Povcer input to the shaft of the compressor (k^v) 

KWC2 = Power output of the motor shrft (kvr) 

L2 = Losses in the motor (k'V) 

HP = Refrigeration capacity" (koal/min.) 

(RF) = Specific Capacity of ihe Compressor (kcsl/klv hr) 

s 

P^ = Compressor discharge pressure (PSi) 

P2 = Condenser ■’uilet pressure (PSi) 

P^ = Condenser outlet pressure (PSi) 

P^ = Pressure of the refrigerant before exp. 'valve (PSi) 
P^ = Evaporator outlet pressure (PSi) 

TC^ = Compressor disciiarge tenpersture (mY) 

TC2 = Condenser inlet temperature (mV) 

TC^ = Condenser outlet temperature (mV) 

IC^ = Tempers ture before exp. Yalve (mY) 

TG^ = Temperature ^ust after exp. valve (fiY) 

TCg = Temperature at the suction of the compressor (mV) 

RM = Water flow rate in the condenser (gpm) 

PC = Calibrated pressures at different points (PSi) 

TOG = Calibrated temperatures at different points (‘'C) 

= Calibrated vieter flow rate in the condenser (kg/min) 


EMC 



CHAPTM 1 


1.1 IITROUTGUOK 

Ae is v^ell kaovaa iiie compressor is the most essential 
of the five different parts of the vapour compression refrigera- 
tion systaa vaiicr consists of ; (i) the compressor, (ii) the 
condenser (iii) the evaporator, (iv) the exp>ansion valve and 
(v) the connecting pipes. The sole responsibility for producing 
the desired refrigeration effect in the cooler is that of com- 
pressor. The performance of the vthole plant depends upon it, and 
a knowledge of compressor performance can be used to predict the 
plant performance with greater accuracy. 

The widely accepted definition of testing of refrige- 
rant compressor is "To find the performance of the plant in 
which the compressor has been used" |”l_J • The performance of a 
machine is defined as "An evaluation of the ability of the ma- 
chine to accomplish the assigned task. It is a design compromise 
between physical limitations of (a) refrigerant, (b) compressor 
and (c) no tor to provide (i) tlie most refriger£:ting effect for 
the least power input, (ii) the greatest trouble free life, 

(iii) low'est cost, (iv) wide range of opera. ting conditions" ,|^lj 

Measures of compressor performance are : (l) capacity 
which is proportional to the displacement and ( 2 ) performance 
factor. Capacity is the refrigeration effect that can be pro- 
duced by the compressor. It is the difference between the total 
enthalpies of the refrigerant at the temperature corresponding 
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to the pressure of the vr.pour leeving the co represser end of the 
refrigerant vapour entering the cospressor. The performance 
factor of open - type compressor is given by the equetion : 

Performance factor (open) = (Capaciry) / (Power input to 

the shaft) 

The performance fact-r fer a hermetic compressor in- 
cludes motor efficiency and hence the performance factor of a 
hematic compressor is given as fellows ; 

Performence factor (hermetic) = (Capacity) / (Power input 

to the motor) 

There are two types of compressor tests. The first 
is the 'life testing'. It is to determine the probable Hfe of 
the machine by conducting tf-sts under conditions simulating those 
under which the compressor nnst operate. This test does net in- 
clude 1iie determination of refrigeration ca^pecity and the power 
input. It takes not less than a year to conduct this test. The 
second methed of testh^g is the dc- termination of canacity and 
co-efficient of perfommee. This meth-^d is also known as 'run 
round the cycle test' and has been prescribed by the Indian Stan- 
dards Institution. '■ It ha.s therefore beai used in the present 
study of the compressor perfouaance. In this method the compre- 
ssor is installed in a nomplete refrigerating circuit and 
-Galcrimetric measurements are made at the eva.poia.tcr to determine 

*]5rote that the definition of performance factor given in the 
ASEIRAE guide and Data Bock is the reciprocal of that given 
■' hare. 
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the exact refrigerating effect. The refi-igerating capacities 
of the compressor can be detdrmincd at tl'ie various operating 
eva.poratOi‘ xemperaxures. as far as the present author is awarej 
no practical performance oirves for compiersors arc available 
in literature. 

Following the run round the cycle method the compressor 
should be pit in a refrigeration circuit and the results exhibited 
as a gra-ph showing the variation of capacities at different evapo- 
rator temperatures. 

1.2 ISrHAN STM3feED 

According to the Indian Standards Institution the test- 
ing of refrigerant compressor should be done in two ways inde- 
pendent of each otiaer. The first is lomown as the Principal Test, 
and the second the Confirmatory Test. It prescribes three 
different types of principa.1 tests and five methods of confir- 
matory tests. 

1.2.1 • Method A i Second&r 3 ^ Fluid Calorimeter 

In Suction line : Fig 1.1 (a) 

In -ttiis method the 3.ow pressure vapour in_ the calori- 
meter (evaporator) is indirectly heated bj?- vapour of a secondary 
fluid. This secondarj^' fluid is in tum heated by an electrical 
heating device such that ihe heat input can be measured. The 
calorimeter (evaporator) is a thermally Insulated vessel, the 
outl;et of VI' hi ch is connected to the comj>ressor suction. The 
temperatures and pressures at different points are observed. 
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In this method th:. calorimeter is complice-ted in cons- 
truction. EUrther, ns the vc.pour of tlie secondfry fluid obtained 
vTOUld heat the cooling coils, rcoiraey of data is rather hard to 
obtain, due to insulation prcblem. 

1.2.2 Method B : Dry System pLefrigersmt Oalorimeter 

In Suction Line : Big.- 1.1 (b) 

In this method too, as in Method A, the liquid refri- 
gerant in the cooling coil is indirectly heated by a second 
fluid vdiich enters the calorimeter (evaporator) at a higher 
temperature and leaves at a lower temperature. By knowing the 
ms-ss flow rate and specific heat of the secondary fluid, the heat 
exchanged can be calculated. The calorimeter (eva.porator) is a 
theraf'vlly insule^ted vessel. The pressures end temperatures at 
different points in the circuit are measured. 

The calorimeter iri this method too , is a complica.ted 
in construction. Besides, it requires a constant temperature 
de-vice and a flow control de-vice. The hea-bing cepaci-by of -which 
should be sufficient -be -pro-vide the require . energy exchange in 
-the calorimeter. The me-tliod ailsc c.epende on ihe eccure.cy with 
-which -the specific hert of -the secendary fluid is known. 

1.2.3 Method C s Blooded System Hefrigerant Calorimeter 

In The Suction Line ; Big. 1.1 (c) 

This method is known as Me-thod B in the Indian Stan- 
cl£;rds Institution ‘|4j . 
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In this method the ce Icilmeuer (eveporator) is kept 
flooded with liquid refriger‘&nt upto a definite level and an 
electricf-l heating rod is kept immersed in the liquid refrige- 
rant. Thus there is a direct heating of ihe liquid refrigerant, 
by the heater lods. The calorimeter should be thermally insula- 
ted. In this method the calorimeter is ver.v simple in fabrica- 
tion. Besides, ths refrigerating capacity can be measured with 
greeter accuracj' as compared with the previous two methods, since 
all of the electrical input goes into the heating of the refrige- 
rant. Hence this method has been selected for the present vork. 

The evaporator is utilized as a calorimeter and the 
energy needed to vapourize the refrigerant is determined by 
using hef-ter rods, the electrical input to which may be regulated 
The flow of the refiigerent is controlled by a hand regulator 
or constant pressure va.lve located close to the calorimeter. 

1.2. 3.1 Calibration of The Calorimeter 

The ca.lorimeter is calibrated for the h cat-leakage 
factor by filling it wit3i liquid refrigerai, to the normal ope- 
rating levt 1 and hez.ting it so as to ?ra;ise the temperature 
approximately 14 °C higher than the ambient. The electrical 
energy input is maintasined constant to within 1^. If the hourly 
reading of the liquid refrigenant temperahire does not vary by 
0.6 °C, it may be assumed that the thermal equilibrium is reacjhed 
The heat leakage factor is given by the following equation : 



= He&t eoL- iv3 :.en-: o:^ the eaergy ioaput per minutes 

t^ = i.aitient t&mrere.ture, 

C*. 

t^ = liquid veirigerant ttemperature, 

'ihe ISI requires th£-t tiae folloy/ing additional items 
of information should be recorded during the test. 

a) The pressure of the refrigereat vapour at the 
evaporator outlet; 

b) Pressure of the refrigerant liquid altering the 
expansion valves; 

c) Ambient temperature at 1he calorimeter and 

d) Electrical input to the calorimeter, 

1.2.3 *2 Determination of Hefrigeration Capacity 

Refering to p - h diagram Pig. 1.1 (d) , the mass 
flow lete of uhe refrigerant, as dfucrmined by the test is given 
by the following formula : 

“f = [Vj, + \ 7 / ( ‘igj - *>f2 ) 

where 

m^ = Mass flow rate of refrigerant (kg/min) 

= Rate of energy input to tiie calorimeter (kcal/min. ) 
= Heat loakago :fe‘ctor (kcal/min. °0) 

= Ambient temperature (°C) 

t^ i ref ingerant temperature (®0) 
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hg 2 = Bathalp 5 J of the satarated i&pour 

~ i^nthalpj'^ of liqaid refrigerant before 
tiirottiing. 

The refrigerating capacity, as d'-ttxmiaed by the test 


is givoa by the following formula ; 


HP 


where 


RP 








) 


Refrigerating Capacity (kcal/min.) 

Bathalpy of the refrigerant vapour coming out 
of the evaporator (kcal/^.) 

Enthalpy of the liquid refrigersint at the com- 
pressor discharge condition s (kcal/kg) . 


1.2.4 cg::.t:?. ^ :■ ic? y test 

The confirmatory test gives the mass flow rate of the 
refrigerant indepaident of the priticipal methods. 


1.2.4. 1 Method 1 ; Refrigerant Vapour Plow Meter 


In this method a calibrated orifi.oe meter is used in 
the compressor discharge lint or in the suction line to measure 
"the mass flow rate. This has to be ca^librated aga-inst the 
vapour ofknovti density. The iKibrication and calibration of fhe 
orifice meter is difficult. 

1.2. 4. 2 Method 2 : Refrigerant liquid Quantity and Plow Met^ 
In this method a calibrated liquid- flow meter is used. 



s 

1.2. 4. 3 Method 3 t ■57f-tcr Goclerl Gondeneer F thod 

In this method an ir.sulated v.'a-osr-cooled condenser 
xs used. By measuring the tempers xurea of the refrigerant -vapour 
coming in and the tt^mperature of the liqua going out and also 
the inlet and outlet temperature of the cooling 7 ,ater, the mass 
flow rate of the refrigerant -vapour xaj’’ he calculsted. 

1.2. 4. 4 Method 4 : Refrigerant Va.pour Cooling Me-thod 

In this me-fchod -fche to-fcal mass flow rate is determined 
by c:ndcr. sing a portion of -tiie yapour circulated at high pressure, 
and meaairing its quantity and then re-e-vapo rating in a gas- 
cooler viiere the rema.inder of "the -vapour is cooled after passing 
through control expansion -valve ► 

1.2. 4. 5 Method 5 : Refrigerant liquid Quantity Meter 

In this mc-thod too well insulated long hollow pipes 
each approximarely 1.23 m long fitted wi-th gauge glasses cover- 
ing nearly the entire length arc used, os shcvn in HG 1.2, 

This is placed after the condenser. The liquid from -the conden- 
ser ccme-s to a header from -which tv.-o lines are connected one -to 
each metering vessel through c. shut-off -vt-lve. Similarly -the 
outlets of bo-th -the metering vessels ccmbine a;t a header after 
passing through a -valve. The fluid -then finds its passage to 
expansion -valve. 

The apparatus is simple in fabrication and gives rea- 
sonably- acairate results. ■ Hence -this method has beenselected 
as a ccnfirma-bory test for the presait v/ork. 
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FIG. t.1 (b) 

METHOD a OBY SYSTEM REFRIGERANT CALQRttCTER 
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FIG. 1.1 <c) 

METHOD C FLOODED SYSTEM REFRIGERANT 
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FIG. 1.1 (d) 
P-h DIAGRAM 
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CONDBNSm 



fig.1.2 refrigerant flow meter 




CHAFTIE 2 


2.1 APPARATUS 

A schematic diagram of tlie plant set-up for the pre- 
sent work is shown in Pigs. 2.1 and 2.2 and photographs are 
shown in Pigs. 2.3 snd 2.4. As the compressor is tested during 
the ’run round the cycle test' the entire p lent has been -set- 
up using all the accessories of a simple -v-apour compression 
refrigeration system. The compressor is "ested for its refri- 
geraticaa capacities at various eva.porator temperatures. In 
addition a flow-meter has been used in tlie system in accordance 
with ISI specifications to confirm the mass flow rate of the 
liquid refrigerant in the system. 

The following are the equipment used in the plant set- 
up 5 

2.1.1 Compressor 

A positive displacement coa^jreesor A, manufactured 
by Preezeking of India ltd., is tested in the present work and 
has been used to compress tiie low pressure refrigerant vapour 
to condenser pressure. At both the suction and discharge ends 
of the compressor; needle valves have been included to regulate 
the flow through the system* Pre-calibratod copper constantum 
thermocouples of 24 BSW gauge have been inserted at both ends 
of the compressor (in-lixe suction and discharge lines), to 
measure. the refrigerant suction and discharge temperatures. 
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2.1.2 Oil Separator 

In the Coupresscr the refrigerant comes in contact 
v’dth lubricating oil in the crank-case. So the refrigerant 
flows cut mixed with tiie oil after cr.mpr'.,ssi''n. Refrigerant 
12 j used in the present work is cci-ipletely miscible in oil 
sc -that no oil seperetor is usually used in R-12 systems. 
Hewever, in the present work as a precauticna.ry measure, an 
oil seperetor, B, is included in the circuit to ensure that 
even tiny oil droplets arc not carried by the refrigerant into 
the condenser, (if the oil is not seperated, it may collect 
in the condeiser or evaporator tubes and adversely affect the 
heat transfer diaracteristics). 

2.1.3 Condenser 

A two pass water-cooled condenser D of nominal 
capacity 3 tons, manufactured by American Refrig era. tion Company 
Indian, is used to condense tiie compressed refrigerant vapour 
into a liquid. The condenser is over-sized sc that the liquid 
refrigeiant at the condanser exit may be slightlj’' sub-cooled. 

Cooling water is passed tc the condenser through a 
rotameter to measure its flow rate. Pressure gauges and thermo- 
couples are fitted in the refrigerant line r.t tlie condenser 
inlet and outlet respectively. 
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2., 1 .4 Drier and i liter 

i! drier filter coabinaxion , l,corsist^ng of a silica- 
gel and calcium chloride, has been used in the circuit before 
the refrigerant waters the expansion x'e.lve or needle valve for 
th3Xittling. Any suspended impurities //ill be arrested in the 
silica-gel of the filter end the moisture, if any, will be 
removed in the drier. Both xhe suspended impurities and the 
moisture are detrimental to the refrigeration system and spe- 
cially for the refrigeration system which has to go to 0 °C 
or lower, since the smell opening in the expansion valve may 
be choked and the flow stopped. The plant may have to stop 
due to suction pressure becoming too low. 

2.1.5 Expansion Valve and Needle Valve 

A two -ton thermometric expansion valve has been fit- 
ted into the circuit as shown. In addition a needle type of 
valve has been fitted in series with thermostatic -valve to 
obtein the desired variation in pressure in the evaporator, 

2.1.6 Calorimeter (Evaporator) 

The purpose of 1he calorimeter is to find the refri- 
gerating capacity of the compressor at the different test 
conditions « 

The calorimeter, Fig~ 2,6, is made in the form of 
cylindrical shell 22.9 cm. diameter cut of brass sheet 6 mm 
thick. The caiorimetsT is large enough to accumulate sufficient 
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refrigerant liquid to act as a liquid receiver as well since 
no liquid- receiver has been provided anywhere else in the 
system. 

The liquid refrigerant collected inside the calori- 
meter is heated by using five electric heater rods, each 100 cm 
long aid 1 kw heating capacity, inserted into mild steel, 

1.25 cm hominal internal diameter tubes, brazed to both the 
end plates of the calorimeter. The liquid refrigerant level 
is so maintained that pipes carrying the hister rods are al- 
ways immersed in it. 

The calorimeter is insulated with 7.5 cm thick 
fibre-glass insulation all round and also at Hie end plates. 

The pipes connecting the expansion valve to to the calorimeter 
are also similarly insulated. 

Before being fitted in the plant, the calorimeter 
is -tested -with air at a pressure of 140 PSI6 (App. 9.5 aim),. 
Leakages are detected by using concentrated soap solutions,. 

The leaking joints are all brazed and tested again. This 
process is continued untill no leakage is seen. 

The method of calibrating the calorimeter is dis- 

t 

cussed in Appendix A-2. 
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2.2 IldTEUiMeAlTOH 

2.2.1 Flow Meter (Condenser Cooling Water) 

For measuring the water- :?lov/ rate in the condenser 
a rotameter of tiae CE^pacity 0-9 gpm (with least count 0.2 gpm) 
is used. The calibration process for the flow meter is dis- 
cussed in Appendix A-i.i. 

2.2.2 Flow Meter (liquid Refrigerant) 

For liquid refrigerant flow measurement a flow meter 
has been fabricated according to ISI specifications.. It con- 
sists of two 7.5 cm nominal internal diameter mild steel pipes 
approximately 1.25 m long. (This dia and length has been 
■ chosen for the flow meter such that liquid refrigerant may 
collect and rise in level of minimum 150 -im in 2 minutes). 

On each pipe, two gauge glasses arc fitted as shown in Fig 2,5 
extending over the entire length cf the meter. The ends of the 
pipe are flanged, to provide connectier to the condenser and 
to the expansion valve. The vdicle lengths of the pipes is- 
insulated by 5 cm thick fibre-glass insulation. At the 
outlet header mentioned earlier, a thermocouple and a pressure 
gauge have been Inserted to make appropriate aessurements. 

This meter will measure the volume flow rate and 
the readings will be multiplied by density to give the mass 
flow rate. Ihe details of construction are shown in the 
figure. . One pressure equalizer is fitted to maintain both 
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the pipes of the flow meter in commnicetion with eacsh other. 

Two shut off "valves, one each at the inlet and outlet of each 
pipe are used. The riding of the flow meter is taken in "the 
pipe in which "the level is rising and not the pipe in which 
the level is falling. 

The de-ta Us of calibration of "fche flow meter are 
given in Appendix A-1,2. 

2.3 T5Si3?SRATURB IffiASURElOTT 

The temperature of "the refrigerant ere measured at 
different points by means of a 24 - BSW gavige copper cons"tan"tum 
"thermocouple. These are inserted into wells made by brazing 
nearly 5 cm long Som dia copper "tubt at "the point where the 
tempsra-tures are to be measured (Pig.2.7)‘ one swage lock tee 
(imported) having "three nuts is fit"fced to this piece of 6 mm dia 
copper "tube. At "this point the "thermocouple bead is inserted. 
The lead wires are taken to the selector switch and "through the 
selector switch the connection goes "to the potentiometer 
(Least count .005 mv). 

The details of calibration ere gi"ven in Appendix A-1.3 

2.4 EiZ5r“:2 

All pressures are measured using Bourdon- tube pressure 
gauges. The pressure gauge used at "the e-vsporator inlet and 
outlet is of 0-100 PSEGr range with a least coun"t of 0.05 Psi. 

A pressure, gaiige 0 - 400 PSEG- range (least count 2.5 Psi) is 
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used to measure the pressure at this compressor discharge and 
condenser inlet. Another gauge, 0 - 300 PSIG range (least count 
1.25 Psi; is used to measure the pressure at the condenser out- 
let and the flow meter outlet. 

All these pressure gauges ere calibrated against a. dead 
weight presaire gauge. The caUbrc.tion procedure is discussed 
in Appendix A-1.4. 

2 . 5 ENIRGY METiR 

(i) A three phase energy meter is used to measure 
the electrical energy input to the motor driving the compressor. 
The procedure used in calibrating it is discussed in Appendix 
A-1.5. 

(ii) A single jhase energy meter is used to measure 
the energy input to the calorimeter. The calibration procedure 
is discussed in Appendix A-1..6. 

2.6 IROCEDDRE 

The compressor is started and the expansion valve or 
the needle valve is adjusted to give a definite flow rate. Then 
the hsE.ting capacity of the calorimeter is adjusted with a 
vailac, Waen it is seen that the pressure readings have remained 
constant for about 15 minutes, the following obseirvations are 
made s 

(i) The pressure gauge readings at the various indicated 

points. 



19 


(ii) The length of the tirie needed for 10 reTOlutions of 
the three-phase energy raeter (n:otor input) and also 
for 10 revolutions of the single-phase energy meter 
(evaporator input) are deteriTined by using a hand 
held stopwa-tdi . 

(iii) The inlet valve of the pipe No. 1 (TTLI) of the flow 
meter is closed, the cutlet valve opened while 1iie 
inlet valve of pipe No. 2 (F12) of the flow meter is 
opened and the outlet closed. The rise in level in 
the gauge glass of pipe No. 2 is observed over a 
period of 2 minutes (approximately) . 

(iv) The thermocouple readings at various points are taken, 
using a potentiometer. 

(v) The water flow rate to the condenser is noted using 
the rotameter. 

This completes one set of readings. The expansion 
va.lve is now adjusted either to increase or decrease the flow 
rate and consequently a different pressure and temperature are 
produced in the calorimeter (evaiporator) . Then the readings 
are taken for the second set in the seme way as described above 
and the process repeated untill several sets of readings are 


obtained 
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FIG.2.1 SCHEMATIC DIAGRAM OF PLANT LAY - OUT 
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FIG. 2.2: SCHEMATIC DIAGRAM OF CONTROL-PANEL 
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FIG. 2.7 DETAILS OF THERMOCOUPLE AND 
PRESSURE TAPPINGS. 


CHAPTER 3 


3.1 data SEIOCTIOI 

The needle valve or the expansion valve is set at a 
particular opening so as to give a definite flow rate which 

result in a definite suction and discharge pressure. The 
lun for sons tine to deternine viiether the pressure 
readings are constant. 

Then the following readings are noted and the data 
reduced as follows ; 

The Energy Meter (Hi l) is read wilh a stop watdi and 
time for 10 revolutions of the disc noted. Then from the cali- 
bration chart, the wattage kW is read against this RPM of the 

disc. Let this wattage be kW.. Then kW, * or kW. * 14.3 

t 1 50 1 

kcal/minute is 1he energy put to the calorimeter. 

By opening tlae respective valves, the following pre- 
ssures are read. The correct values of the pressure is read 
using the calibration curves, end are also listed below : 

Reading o f Correct 

the pressure pressure 

gage 


(i) 

Compressor discharge pressure 

^1 

PCi 

(ii) 

Condenser. Inlet Pressure 

^2 

(M 

(iii) 

Condenser outlet Pressure 

^3 

POj 

(iv) 

Pressure of the liqiid refri- 
gerant .before it alters the 
■expansion : valve . 

^4 


(v) 

Evaporator outlet pressure , 


PC^ 

0 
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The potentioEieter rcc.dings are roted, nY, with 
reference junction in atmosphere. 




Millivolt 

°C 

(i) 

Ccnpreasor discharge 
temper?- ture 

TC^ 

TCC^ 

(ii) 

Condenser Inlet temperature 

TC^ 

TCCg 

(iii) 

Condenser cutlet temperature 

TCj 

TCC, 

3 

(iv) 

Tempera- lure before eacpaaision 
va-lve 

TC^ 

TCC^ 

(v) 

Temperature just after the 
expa.nsion -valve 

TC5 

TOCc 

0 

(vi) 

Temperature at Ihe suction 
of the conpressor 

TCg 

TCCg 


The water flow rate of -the 

condenser is 

noted from 


the rotameter say, El!, gpm. Erom the calibration chart, the rate 
of flow is kg/min., EMC, is determined. 


is the heat leakage ffictcr of the calorimeter in 
kcal/min. °G obtained from its ca lib lat ion given in Appendix A-2. 


3.2 DETERfflEATIOF OP ESISIGEEATIOIT CAPACITY 

The mass flow rate of the refrigerant is given by 
the equation 

= ph * h / r "gi - ^^2 ) 

vixere 

= mass flow rate of refrigerant (kg/min) 

= energy Input to tie calorimeter (k7?^ * 14.5 
kcal/min.) ' , . 
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~ Hsat leakage factor of the calorinjeter 
(kcai/cin) 

= Ambient temperature (°C) 

~ Refrigerant tesperalnre in liie evaporator 
(inhich is TCCg). 

= Enthalpy of the refrigermt leaving the 
calorimete;- (kcal/kg) 

h ^2 “ Eniiialpy of refrigerant entering the calori- 
meter (kcal/^-) 

and the refrigeration capacity HP by the equation ; 

EP = Refrigeration capacity (kcai/min) r -w. } 

3.3 lEIPRriMTIOI EFERGY IHHJI TO !?DTOR 

One energy oeter (b 32) is fitted across the laotor 
driving the compressor. Khovdng the speed of rotation of the 
disc in RPM, the power input to the motor, kWg is obtained. 

Motor losses determination is given in the Appendix 

A-4. 

The notor losses calculated on Ihe basis of 
kWg is l^(kW^3>5) ^ (600) + 30oJ /lOOO. Let it be Lg (kW) . 

let power output of this motor = (k'^'g - Lg) = 

Assuming a 95^ transmission efficiency (double Tee 
groove belt), the pwer input to the compressor is ETDg *,9;,5. 

Let it be equal to SKliJg. 
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3.4 DETBRIIIMTIOIT OP GO-EFIICiLiC'I OP PmrOIJ>.ICE 

The Go-efricient ct p&rfcr-j&.ric«, COP, is given as 

follows J 

OOP = Refrigeration effect/Power Input to the shaft 

The heat equivalec-t to SKTC^ is equal to (SIC?C2) (l4.3) 
kcal per ciinute. 

COP = (Rp)/(SKt/C2) (14.3) 

3.5 EETERl'IIBrATION OP EELt-TIt/E COP 


The ismtropic irork done by the compressor in com- 
pressing the saturated vapour at the outlet of the evaporator 
to the condenser pressure, is seen fhoa the p-h chart of R-12. 
Let it be !?(' . 


(OOP), = 

The relative co-efficient of performance (ooP) 

the ratio of (cOP) to (00P)„. 

s 


E’ 


is 


3.6 3ES-EixiiII3f..TIO!( OP bPSCIPEO Oiv^PACITY 


The specific capacity,^ri^^, is the refrigeration 
effect per kW of energy input to tbe shaft of the compressor 
per hour. 

(SP)^= (EP) ( 6 o) / (310.702).= (cop) (S60.0) 
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4.1 RESULTS i-ND DISCUSSIONS 

The performejace curve of the reciprocc.tang conpresscr 
(i'lodel ER - 450j ohnufactured by Btesze King India Ltd.) has 
been sho-vsn in Fig. 4.1. The refrigei-ati '-n capacity per hour 
is calculated at the various evaporator teirpeiatures. ''liile 
calculating the reftigeraticn capacity, the increase cf capa- 
city due to sub -coo ling is net accounted for because as per 
ISI specifications, this increase in capacity ^ould not be 
credited to the corapressor. The coaputatiens provide the 
folio ving paraaeters, the details cf diich are given in the 
Chapter 3 snd a sample calculation in i-ppandix A-5. 

1. The refrigeration capacity, EE (XcB-l/min .) 

2. The energy input to the notcr driving the compressor, 

Mg, 

3. The co-efficient of performance and, 

4. The mass flow rate of the refrigerant. 

The plot of refr'^.pera, tion capa.cits^ vs the evaporator 
tempera ture has been shown in iiie Eig. ' .I. It shows that tie 
capacity increases with increasing eveporo-tor temperature. The 
curve tends to become steeper as the evtiporstor tempera hire 
increases. The curve shows that the rate of increase in 
capacity (with respect to eva.porator temperature) is compara- 
tively low at low evaporator temp era hires and larger at higher 
temperatures, 
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This behaviour of tlie capf city can be theoretically 
justified as follows t ^ 

The ref3::igeraticn capacitor is tiie product of the 
inass flow rate and ihe difference of the refrigerant enthal- 
pies at the evaporator outlet end inlet conditions. The 
thermo dynanic behaviour of the rcfrigerenT;, ^‘.-12, is such 
that the differences of enthalpies started above tends to 
dimish with increase of pressure in the evaporator. lUrther 
as the evaporator temperature increases the specific vDluiae 
of the refrigerant at the compressor inlet decreases. Hence, 
as the volume swept per hour by the compressor is fixed, the 
mass flow rate of the refrigerant incree.se 3 with the increa- 
8iDg evaporator pressures. The increase in mass flow rate 
is much more 14ian the decrease in the difference of enthalpies 
between the evajxorator outlet end inlet conditions (at higher 
evaporator pressure). Thus -fche rofrigerrtirn capacity should 
increase with increasiacg c./sporetor oressurc. 

The plot of the OOP with evaporator temperature 
is shown in Pig, 4.2, It is seen the.t the COP is 1,13 at 
-28 *e and 2.76 at 0°C. The plot exhibits that -the COP increa- 
ses very smoothly between these two limits. It is evident 
firem T-S diagram for S-12 that for a given condenser tempe- 
Wture, increase of evapoistor pressure decr^ses 1he com- 
piressor work as well as the refrigeration effect, Eowev&c the 
<S!MBnges are such Ihat the ratio of refrigeration effect to the 
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coDpressor wsrk increases wilii increased evs- pore. tor pressures, 
'iiie ther!2Ddynaaics of tile refrigerant dictates that the COP 
should increase isith increasing evaporator pressure. Thus we 
find that the behaviour of COP curve obtained in the pressit 
investigation is well in accordance with thecretioE;! conside- 
rations , 

The energy input to the conpresscr has been plotted 
against the evaporator tecperature in Pig. 4.3* The figure 
eidiibits that the energy required to drive the coapressor is 
relatively siaaller at low evaporator tempera. ture than at 
high evaporator temperature. This behaviour is also supported 
by the theory explained for the CO? behaviour above. 

BMDIXM £2j has tested a few refrigerant compre- 
ssors to show that counter flow coinpressors were superior to 
uniflow compressors. The theory behind this is that during the 
compression stroke liquid drops settle on 1he cold piston 
top in the uniflow compressor, and tiiait this liquid evapora- 
tes during the suction stroke end tnat there is a certain 
uniformity of 1he wall temperature in the cylinders of the 
counter flow compressor resulting in lowei' wall loss. Accord- 
ing to tile author, if this theory is correct; the volumetric 
efficiency of the counter flow compressor should be higher 
than that of the uniflow cctpressor. Puriher the less the 
superheat is, the higher volumetric efficiency should be rela- 
tively. , 
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Through the plot of volumetric efficiency versus 
suction superheat and also throu^ the plot of volumetric 
efficiency versus compression retio, the author concludes that 
there is * difference of only a few percent of the volumetric 
efficiency between these two types of compressor and down to 
5 °C., there is no appreciable fall of the volumetric effi- 
ciency for the uniflow compressor whan for the counter flow 
compressor. Hence the author has proved that it is no impor- 
te-nce of the volumetric efficiency of 2. refrigerant compressor, 

If the suction gs s is led into the cylinder at its coldest or 
hottest part. 

CHiIKO?SEY, SHBIEGLYA and S/.VKOV; has performed 
experiments on compressors and have plotted curves of refri- 
gerating capacity versus ev£por£tor tempore ture . S*or PY— 12 
compressor having t^ = 35 cq q =-1.Q4 ?r, and for HI - 8 
compressors. Pig. 4.4, th» results show that they have gone 
to a minimum evaporator temperature of - 15 °c. However in 
the present vork minimum of - 28 evaporator temperature tes 
been obtained. The figure of experimental set-up is shown in 
Pig. 4,8, 

ihe method of test is not clear in the above men- 
tioned article. These curves w&y be compared vdth the curves 
of the. present work. . It is clear that the performance of the 
cdaqjressors are similar to those obtained in the preset work 
Inspite of the differences in make and methods of testing 
employed. 
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The he£t recoved in the condenser hps been plotted 
in Pig, 4.5 agsinst the evnporfitor temperature. The curves 
shov/ rising trend et higher temperatures. We ht.ve elr&ady 
seen that the energy input to the compressor shrft end the 
refrigerating capacity iricrease with increase of evaporator 
temperc tures . Hence the energy wi'chdrcvn c.t the condenser 
should increase with the increase of evaporator temperature 5 
as it is eijua-l to the sum of the refrigerating effect end the 
energy input to the compressor. 

The mass flow rate has been plotted against the 
ev£.pora.tor temperature in the Pig. 4.6. This gives the idea 
of volumetric efficiency of the compressor. Prom the pre- 
vious discussions j we know that the m£'.ss flo.v rfte plays an 
important role in the determincition of prramoters like refiri- 
gerating capacity and COP. 

The theoretical cc-effioient cf performance of a 
simple vapour compression refrigeration cyclo between the eva- 
porator and condenser preesdrehas teen '^■‘^loilated assuming the 
refrigerant vapour at the cutlet of the evaporator to be diy 
S£>tvtrated and isentropic compressor work. Then the relative 
co-efficient of performance is plotted in the Pig. 4.7 against 
the evcp)orator teE 5 )erature. The relative co-efficient of per- 
f drmance increases from 3C1^> at -28 °0 to at 0 °C and the . 
rate of increase is very smooth. 
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4»2 lEROR AIALYSLS 

The error erelysis is an important step to be 
carried out for sn estimate of errors involved in "various 
measured tjuantities in idle present inveotigaticn. The 
accuracies of "the final results depend upon the "various eriars 
encountered during the measurement of different paiameters 
in"volved. The error analysis presented here gives an esti- 
mate of errors in "the maximum possible range and' the ac-tual 
error is expected to lie wi"th "this range, 

EERORS 

1 . Pressure Measuremmts 

The pressure gauges are calibrated using dead 
weight pressure gouge. Hence no systematic error is expected 
"to be present.- The random error present in "the pressure gauge 
is + 2.54^ fitted for the low pressure side and +_ 2.18 ^ 
fitted for the high pressure ^do. 

2. Temperature Measurements 

The thermocouples used for the measurements of 
temperatures at the "various points in the circuit and cali- 
brated using a pla-feinum resistence "thernmmeter. The error 
involved is negligible as "the accuracy’ of "this thermometer 
is + .005 The error involved in meaairing the tempe- 
rature with the thermocouple using -the millivolt poten"tio- 
meter is + (0.24/28 ) * 100 = + Q.856?t- in the low pressure 
side and +, {o,24/6o) * 100 = _+ 0.4^ in the hi^ pressure side. 
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The ambient temperature is measured by the 
thermometer having error in readings + (c.l/67) * 100 = 1.49^. 

3» Water Flow Rate Measurements 

No systematic error is involved in the rotameter 
used for the measurement of water f].cw rato as it has been 
calibrated by collecting ','vs.ter during a kaovTn time. The 
random error in this case is (o.20/4) * 100 = + 5^. 


4. Measurement of Electrical Power 


The energy meter was calibre. ted using an ammeter 
a voltmeter and a hand held stop watch. The calibration 
curve is plotted (kW vs RBff). Thus assuming no systematic 
ejrror involved in the ammeter and voltmeter , the error in 
the measureiuents is zero. 


5. Measurement of Refrigerant Liquid now Rate 


The flowmeter is calibrate! bj collecting demine- 
ralized water in th.e flowmeter^ The error involved in this 
case is random, and less than (0;1 x 10o)/20 = + 0.5^. 


6. Errors in The Estimation of h 


g1’ ‘"f2 


For + 2.545^ error in the mef’ surem^t ,the error 
involved in the measurement of the h^^ is + (0.05/155.7) 

= + 0.037. 

For + 2.1€^ error in the measure, the error, involved 
in the measurement of h^^ and h^ is (Qel/105) = i 0.C0955. 
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7 . 


The Errc-r in the CcacalEtion of P, 

1 

( * • i ( * ^ i\ - \) / (tj. 

= + ( 0 . 24 / 14 ) * 100 = _ 1 . 7 ^ 



8 . 


The error in calcul£.tion of 


“f = h - ^12> 

- ^^^g1 ~ ^f2' ^’^gl " ^f2^ 

= + 0.17 + 0.01712 + 0.0465 = + 0.08062 


9. Error estimc.te in the Gslculrtion of KE (Re frig ere t inn 
Capacity), 

RE = nx^ (hg^ - h^p 

^REAe = +4lig^ - iif^) / (hg^ - 

= + 0.08063 + 0.0465 
= + 0.1271 


10. Error in the Calculation of COE 
COE = reAw 

AOOP/OOE = +-<i^RE/feE +-dkV;A7'’ 


+ 0.1271 
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4.3 OONCnJSIOIS 

A refrigerant E— 12 compressor test rig has been 
fabriccited in accordfincs with ISI specifications to deter- 
mine cotapressor performance. A test '-g of this type is 
quite general in compaxison ^th the other methods cited 
in literature and unique in India to the best of author's 
knowledge. A compressor, open type, manufactured by Preeze 
King India ltd. has been used to determine the performance 
characteristics which have been ecdiibited in the form of 
curves such as refrigeration capacity versus evaporator 
temperature, co-efficient of performance versus evaporator 
temperature and kW (power input) to evaporator temperatures etc. 
The results obtained in the present investigs tion are quite 
general for practical applica.tions. However a gross esti- 
mate of the error involved indicates that the results my 
be off by nearly + I better design cf the eve^porator, 

in respect of unifcxn distributi.-n of the hecter reds md 
some more insulation, along with bettei* instrumentation 
would definitelj’' bring dovm the orr-cr to a close estimate. 



CO-EFFICIENT OF PERFORMANCE REFRIGERATION CAPACITY kcal/hr 





kW OF ENERGY INPUT 



FIG. 4.6 MASS FLOW RATE VERSUS EVAP- TEMP. 
FIG. 4.3 E.N6B!^. INPUT VERSUS EVAP. TEMP. 


MASS FLOW RATE kg /min. 






FIG.4.5 HEAT REMOVED VS. EVAPORATOR TEMP. 



FIG. 4.7 RELATIVE GOP VERSUS 
EVAP. TEMP. 








FIG. 4.8 EXPERIMENTAL SET-UP [s] 



J^PMDT?: k-1 
GAIIBEATION OP ILTSTRUmiTS 
Calibration of Rotameter 

•f* 10 *5 gpin rotameter 133 caji.bratftd bj' nesting tap vTOter 
through a valve fnd collecting -ivater in a bn.cket daring a Icnowa 
period of time. The weight of ths ccilecl.ed v.ater is determined 
by using a spring balance (loas-; cru'." -2.^ gms), 

Tne calibration curve is exiibited in Pig. /--1.1 

^>.-1.2 Calibration of liquid Refrigerant Plow Feter 

Both the vessels PLi and ?12 of the liquid refrigerant 
flow meter are calibrated by passing demineralized water. A mea- 
sured volume of water is poured in the vessel and the height of 
the liquid level is measured in the graduated gauge glass of the 
flow meter. This process is continued untill thp level reaches 
the upper limit of the vessel. 

The calibration cuxu'e is shown in the Pig, A-1,2(a) 
for the PI1 and Pig. A- 1.2(b) for PIP. 

i--1.3 Calibration of Thermocouple 

24 BSW gauge copper-constantum thermocouples are used. 
The calibration curve is shown in Pig^ A-1.3. 

A-1 ,4 Calibration of Pressure Gauges , 

The pressure gauge, to be calibrated iS fitted to the 
dead-weight pressure ^uge by using a aiitable adopter.. The 
air bubbles are removed from the oil tank very carefully after 
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runniog the piston back and forth severe^l times and this process 
is continued till no bubble is seen. Similarly the air bubbles 
in the valves are reniDved. 

Then gradually the weights are p’lt on the disc and the 
pressure is raised by screwing the piston inside till the disc 
carrying the weight is lifted up. The readings cf the pressure 
gauges are noted. 

Special care is taken to see that the oil does not leak 
from any point. The readings are repeated end the calibration 
curves are shown in the Fig. A-i.4(a) and Fig. :.-1.4(b). 

■‘*“1.5 Calibration of the Three Phase Energ;' Jleter 

The three phase energy meter (e& 2) is calibrated under 
a load of power factor nearly unity. The v:'ltmeter end an ammeter 
of the required range ere put in the circuit. The loads are varied 
to take seveial sets of the readings and xhe calibration curve is 
exhibited in Fig. i-1.5. 

i-1.6 Calibration of the Single Phase Energy Meter 

The single phase energy meter (eS . ) is calibrated under 
a load of power factor nearly unity, h voltmeter and an mmeter 
are used in the circuit. The calibration curve is ejdiibited in 
Fig. 
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Calibration of the Calorimeter 

The calorimeter is calibrated according to the speci- 
ficction laid down by Indian. Standards Institution and the pro- 
cedure is given as follows : 

i-fter insulating the calorimeter, it is filled with 
liquid refrigerant upto the operating level. The outlet and the 
inlet vE’lves of the calorimeter are closed. The electrical energy 
is supplied to it. The iiput is so ma.intained that the evaporator 
temperature becomes about 14 °C above ambient, Stead5'' state is 
supposed to be reached when there is onl^’’ 0.4 °C vaxiation in 
temperature in one hour. Then the power input devided by the tem- 
pereiture difference between the refrigerant and the ambient turns 
out to be 0.45 Itcal/min. This is tne heat leakage fector 
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Sc.mple oi calcule.tion is shown in the following. 

The data ^re given in the table A-3. 

The energy input to the celcrimeter by loading device 
= (4.54 X 860) / 60.0 = 65.0 iccel/min. 

Heat leakage from the atmosphere 

(0.45) (19.5 + 0.5) = 9 kcal/min. 

Total energy input to the calorimeter = 74 k®.l/min. 

The enthalpy^refrigerant coming out of the evaporator)h^^ = 137.7 
kcalAg and that of the subcooled liquid coming out of the conden- 
ser, h^^ is 106.1 kcaiAg. 

Then the mass flow rate of the liquid 

“f " £*^h ^ h ^ = 74.0/31.6 

= £.34 kcal/ten.. 

The enthalpy of the saturated liquid at the compressor 
pressure : h^ = 107.4 kcalAg, 

Then the refrigerating ’capa.city, PlP = (h - h ) 

• f g 1 f 2 ' 

= 71 kcal/min and 4260 kcai/kr. 

Power input to the motor, P = 2.5i kW 

Motor losses .* £{2.51/3.5)^ (600) t 30qJ / 1000 = 0.612 kW. 
Net energy avedlable at the motor shaft is 2.51 - 0.612 = 1,898 kW. 

Assuming a transmission efficiency of 95^ the energy inpit 
to the compressor shaft is (l.898) (0.95) = 1.8 kf = 25.7 kcal/min, 

Oo -efficient of perfoimpnce : 

COT = 71 / 25.7 = 2,76 ? 
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Plow meter reading is 80 cm rise in level in 2.05 minute, 
level rise per minute is 39 cm = 1950 cc/min. 

The density of the refrigerant at 25.49 °C is 0.001385 kg/cc. 
The mass flow rate is 2.7 ^/min. 

Devietion = 0.36 Tcg/min = 14 .3^^. 

(COP)g, the co-efficient of performance of the simple 
vapour compression refrigeration cycle, assuming suction to be 
dry saturated is calculated from p-h chert of R-12. 

Refrigeration effect = " ^fl) = ‘'57 “ 107.4 

= 29.6 kcal/kg, 

Isentropic vrark = (141.5 - 13?) = 4.5 

(OOP)^ = 29,6/4.5 = 6.35 
s 

(C0P)_, -the relstive COP is given as the ratio, 

II 

2.76/6.35 = .435 or 43 »5^. 

Specific refrigeration capeicity = (COP) (860) = (2.76) (860) 

= 2370 kcElA''^» tir. 



-fiPPENDlX A-4 

MOTOR lOSSES DETESffilATloiT 
A-4.1 0PM CIRCUIT TEST, Pig. A-4.i(a) 

Voltage 415 (rated) 
iirst = 205 x 5 = _+ 1C25 
Second W2 = -145 x 5 = - '725 
Total Power = 1025 - '•’25 ^ 300 V 

a-4.2 bidcked rotor test 

Pirst = 320 X 2 = 640 W 

Second Wg = -20 x 2 = -40 W 
Total Power . = 600 W 
Voltage 104 

• ^0 = 7-5 

Copper losses in both stator and rotor at full load ; 900 W 
The loss in we.tts at any load can be calculated by the 

equation : 
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(fraction of full load)^ (600) + 300 
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P$IO PRESSURE GAUGE READING 
FK5* A -1.4(b) PRESSURE GAUGF CALieRATIW CURVE 



PSIG DEAD WEIGHT PRESSURE GAUGE 



PSIG PRESSURE GAUGE READING 
BG. A-t.4(b) PRESSURE GAUGE CALIBRATION 
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Ti3LE 1.-3 


S .So . 

Description 

Eondk'.g Observed 

Celibrated 

1- 

^1 

100 PSIG 

2 

6.06 kg/cm 

2 

^2 

ICO P8IC- 

2 

8.06 kg/cm 

3 

^3 

90 PSIG 

2 

8.06 kg/cm 

4 

^4 

90 PSIG 

2 

8.06 kg/cm 

5 

"5 

33 PSIG 

2 

3.08 kg/cm 

6 

^6 

33 P^G 

2 

3.08 kg/cm 

7 

TC^ 

1 

1.77 mV 

64.54 °C 

8 

CM 

O 

.914 mV 

42.8 °C 

9 


.238 mV 

25.5 °C 

10 

TC^ 

.237 mV 

25.49 °C. 

11 

TC^ 

-.782 mV 

.. , 

-.49 °C 

12 

TCg 

-.565 mV 

+4.95 °C 

13 

kWg 

APivw 

(Jo 

2.51 k17 

14 

kW^ 

i7'^5ec- 

4.54 kV 


Values 
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